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DESCRIPTION 

PREANALYSIS TREATMENT METHOD AND APPARATUS FOR ANALYSIS OF 
POLYCYCLIC AROMATIC HYDROCARBONS 



Technical Field 

The present invention relates to a preanalysis sample 
treatment method and a preanalysis sample treatment apparatus 
suitable for analysis of polycyclic aromatic hydrocarbons 
occurring in exhaust gas microparticulates contained in the 
atmosphere or in engine exhaust gas, in particular, a 
preanalysis treatment method and a preanalysis treatment 
apparatus, suitable for fractionation of nitropolycyclic 
aromatic hydrocarbons and polycyclic aromatic hydrocarbons 
other than the nitropolycyclic aromatic hydrocarbons from 
diesel particulates contained in diesel engine exhaust gas, 
and quantitatively analyzing the nitropolycyclic aromatic 
hydrocarbons and the polycyclic aromatic hydrocarbons other 
than the nitropolycyclic aromatic hydrocarbons, 
respectively. 

Background Art 

Diesel particulates contained in diesel engine exhaust 
gas are formed by condensation and agglomeration of unburned 
components of fuel and lubricating oil, and are agglomerates 
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in which an organic solvent-soluble organosoluble fraction 
(hereinafter, abbreviated as SOF) and an organic 
solvent-insoluble fraction (hereinafter, abbreviated as 
ISOF) including sulfate, nitrates, elemental carbon andmetals 
are mixed together in a complex manner. The composition of 
such particulates is known to be affected strongly by various 
factors such as fuel, lubricating oil, engine type and 
operation conditions. The polycyclic aromatic hydrocarbons 
and the nitropolycyclic aromatic hydrocarbons are contained 
in the SOF of diesel particulates, and although the contents 
thereof are extremely small, the methods for analyzing the 
hydrocarbons have been recently investigated because of their 
high carcinogenicity (see, for example. Patent Documents 1 
and 2) . Because the contents of these substances are small, 
these substances cannot be detected unless a large number of 
interfering substances are eliminated to enhance the 
analytical sensitivity and precision. For that purpose, the 
sample is required to be subjected to a preanalysis treatment 
to eliminate interfering components in such a way that the 
sample adapts to the targets to be analyzed. 

Patent Document 1: Japanese patent Application No. 
2003-275806 

Patent Document 2: Japanese Patent Laid-Open No. 
2001-21497 
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Disclosure of the Invention 

Patent Documents 1 and 2 disclose a quantitative analysis 
of the polycyclic aromatic hydrocarbon in a fluorescence 
detection mode and that in a chemiluminescence mode, 
respectively. In any one of these analyses, interfering 
substances are eliminated and a pretreatment to enhance the 
analytical sensitivity and precision is applied before 
polycyclic aromatic hydrocarbons are quantitatively analyzed. 
The pretreatment method for analysis of diesel particulates 
collected from exhaust is generally needed to be a pretreatment 
method including at least four steps, as shown in Figure 2. 

A first step of extraction is a step of extracting with 
an organic solvent the SOF from the diesel particulates, for 
which a method called the Soxhlet extraction method or the 
ultrasonic extraction method is commonly used. Any one of 
these methods has advantages and disadvantages; the supersonic 
extraction method that is convenient is familiar in 
universities and national research institutes. In the 
present invention, the Soxhlet extractionmethod that achieves 
a high recovery ratio is used. 

A second step of concentration/evaporation-to-dryness 
is a step of performing concentration to improve the analytical 
sensitivity and for performing evaporation-to-dryness to 
evaporate the organic solvent, for which a 
concent rat ion/evaporation-to-dryness apparatus, called 
Kuderna-Danish concentrator, using nitrogen gas under 
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atmospheric pressure or a reduced pressure type 
concentration/evaporation-to~dryness apparatus capable of 
recovering the organic solvent used for extraction without 
releasing it into the atmosphere is used. 

A third step of purification is a step of fractionating 
nitropolycyclic aromatic hydrocarbons or polycyclic aromatic 
hydrocarbons other than the nitropolycyclic aromatic 
hydrocarbons, for which the liquid-liquid partition method, 
column chromatography method or solid phase extraction method 
is commonly used. 

A fourth step of 
concentration/evaporation-to-dryness/ solvent-replacement 
is a step of concentration to improve analytical sensitivity, 
drying to evaporate the organic solvent and dissolving the 
solid product into an eluent for feeding into an analytical 
apparatus, wherein concentration/evaporation-to-dryness is 
performed by using the same apparatus as in the second step. 

However, even when any one of the liquid-liquid partition 
method, the column chromatography method and the solid phase 
extraction method is applied, a large number of steps are 
required and a long operation time is also required, and 
consequently, it is highly probable that fractionated 
substances are lost or decomposed; and there are also problems 
including a reproducibility problem such that the elimination 
and extraction of the interfering substances vary depending 
on the operators in charge, so that it has been very difficult 
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to prepare appropriate samples well adapted to the targets 
to be analyzed. 

For example, the liquid-liquid partition method is a 
method in which two solvents different in the solubility for 
the target component are used and the components other than 
the target component are transferred into one of the solvents 
so as to extract only the target component; however, there 
are a problem of emulsion formation, and a reproducibility 
problem because the separation operation is complex and 
requires a long period of time, and also requires a skill. 

The column chromatography method is a method in which 
the target component is taken out by taking advantage of the 
difference in elution time due to the retention/nonretention 
effect between the sample in the eluent and the chromatography 
packing packed in the preparative column; however, this method 
is low in recovery ratio for a large amount of solvent to be 
used and there is also a reproducibility problem associated 
with this low recovery ratio. There is also a method in which 
nitropolycyclic aromatic hydrocarbons are set as the target 
components, only the polycyclic aromatic hydrocarbons other 
than the nitropolycyclic aromatic hydrocarbons are eliminated 
from the SOF (see, for example. Patent Document 2) ; however, 
there is a problem such that if interfering substances similar 
in behavior to the nitropolycyclic aromatic hydrocarbons are 
contained, these interfering substances are also extracted. 
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The solid phase extraction method is a method in which 
the target components are taken out by use of a solid phase 
extraction cartridge; however, because a plurality of solid 
phase extraction cartridges are used to take out the target 
components, replacement operation of the solid phase 
extraction cartridge and the tray is required every time when 
each of the cartridges is used, the extraction of the target 
components is significantly affected by the flow rate, leading 
to a reproducibility problem. 

For the purpose of solving the aforementioned problems, 
the present invention adopts in the purification step a 
technique utilizing the van der Waals force between the sample 
in the eluent for pretreatment and the packing for normal phase 
chromatography, and consequently the present invention can 
provide a preanalysis treatment method and a preanalysis 
treatment apparatus to efficiently separate the 
nitropolycyclic aromatic hydrocarbons, the polycyclic 
aromatic hydrocarbons other than the nitropolycyclic aromatic 
hydrocarbons and the interfering substances from the SOF, 

As described above, the present invention has an 
advantageous effect to efficiently separate the 
nitropolycyclic aromatic hydrocarbons, the polycyclic 
aromatic hydrocarbons other than the nitropolycyclic aromatic 
hydrocarbons and the interfering substances from the SOF. 

Brief Description of the Drawings 
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Figure 1 is a block diagram illustrating the pretreatment 
method and the apparatus thereof of the present invention; 
and 

Figure 2 is a schematic diagram illustrating the steps 
in the pretreatment method. 

Description of Reference Numerals 
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Best Mode for Carrying Out the Invention 

Figure 1 is a diagram illustrating an example of a 
preanalysis treatment apparatus for nitropolycyclic aromatic 
hydrocarbons contained in the atmosphere or in diesel 
particulates and a pretreatment method according to the present 
invention. 

A sample of the nitropolycyclic aromatic hydrocarbons, 
as the targets of analysis, contained in the atmosphere or 
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in diesel particulates is prepared through the treatment steps 
to be described below. 

In step SI, initial weighing of, for example, a Teflon 
(trademark) coating fiber filter of 7 0 mm in diameter is carried 
out . 

Next, in step S2, atmospheric particulates or diesel 
particulates are collected on the filter by means of a collector, 
the filter is placed at least 2 hours or more in a thermostatic 
room at 25°C with a humidity of 50% RH, and thereafter the 
weight of the particulates is weighed. 

In step S3, the filter is rolled into a size that will 
fit into an extraction glass vessel, to be tied with a nickel 
wire having been washed with acetone a few times so as not 
to be untied, and then the filter is reweighed. 

In step S4, the Soxhlet extraction with dichloromethane, 
anorganic solvent, is carried out for 8 hours ormore to separate 
the SOF. 

In step S5, the extract is transferred into a glass tube 
for a concentrator, the tube is placed in a reduced-pressure 
solvent concentrator and the extract is evaporated to dryness 
to yield a solid matter over a period of about 1.5 hours. The 
evaporated dichloromethane is recovered (but cannot be 
recycled) . The filter after extraction is once dried by 
heating, and thereafter allowed to stand in a thermostatic 
room for 2 hours or more, and then weighed to derive the weight 
of the SOF. 
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In step S6, 1.2 mL of high-performance liquid 
chromatography-grade (low in impurities) methanol solvent is 
added to the solid matter, the solid matter is dissolved, and 
then the solid matter is completely dissolved to give a solution 
by means of a supersonic generator or such. 

Of the 1 . 2 mL of the solution, only 1 . 0 mL of the solution 
is measured off by means of a microsyringe, and is injected 
from an injector 160 into a high-performance liquid 
chromatograph that is a preanalysis treatment apparatus. 

The high-performance chromatograph 100 as a purification 
step consists of: eluent feeders 110, 120 and 130 for feeding 
an eluent; degasifiers 112, 122 and 132 for degassing the 
respective eluents; a gradient mixer 140 for mixing the 
respective eluents in a predetermined ratio therebetween; a 
pump 150 for pressure feeding the eluent; an injector 160 for 
injecting the SOF as a sample; a silica gel column kept warm 
at 35 to 45°C by a thermostatic vessel 170; a fraction collector 
180, with a function of waste liquid disposal, for disposing 
of unwanted substances and fractionating the extraction target 
substances; and a controller 300 with a built-in computer - 
The controller 300 controls the eluent ratio in the gradient 
mixer 140, the flow rate in the pump 150, and the distribution 
and fractions in the fraction collector 180. 

The high-performance liquid chromatograph 100 is 
stabilized beforehand as follows : the chromatograph is started 
up 2 hours in advance of injection; the solvent lines, for 
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n-hexane 110, dichloromethane 120 and acetonitrile 130 are 
degassed by means of the degasifiers 112, 122 and 132, 
respectively; each of the lines is made to be in a condition 
such that no air enters the line; and over a period of 1 hour 
or more, n-hexane is made to flow. The respective eluents 
are mixed together in the gradient mixer 14 0 in a predetermined 
ratio. 

Under the condition that n-hexane 110 is being flowed 
at a flow rate of 4 ml/min by means of the pump 150, a sample 
is injected from the injector 160. With an eluent low in 
polarity such as n-hexane, substances high in polarity such 
as the nitropolycyclic hydrocarbons and the polycyclic 
aromatic hydrocarbons other than the nitropolycyclic aromatic 
hydrocarbons are retained in the silica gel column and are 
not eluted, but contaminants low in polarity are eluted. 
Consequently, the contaminants are not fractionated in the 
fraction collector 180, but the solution flowing out of the 
silica gel column is made to flow into a waste liquid vessel 
190. 

Next, with the flow rate still being maintained at 4 ml/min, 
dichloromethane 120 is gradually mixed by means of the gradient 
mixer. Because the polycyclic aromatic hydrocarbons other 
than the nitropolycyclic aromatic hydrocarbons are higher in 
hydrophobicity than the nitropolycyclic aromatic 
hydrocarbons , the polycyclic aromatic hydrocarbons are weakly 
retained on the silica gel column and hence start to be eluted. 
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Consequently, by means of the faction collector 180, the 
polycyclic aromatic hydrocarbons other than the 
nitropolycyclic aromatic hydrocarbons can be f ractionated. 

At the time point when the concentration of 
dichloromethane becomes 5%, the nitropolycyclic aromatic 
hydrocarbons start to be eluted. Accordingly, the fraction 
collector 180 is set so as to fractionate the nitropolycyclic 
aromatic hydrocarbons, and further, the concentration of 
dichloromethane is increased gradually up to 100%. At the 
time point when the concentration of dichloromethane reaches 
100%, the fractionation of the fraction collector 180 is ceased, 
and the eluent flow is changed so as to flow into the waste 
liquid vessel 190. 

Next, it is preferable that acetonitrile further higher 
in polarity is made to flow and contaminants higher in polarity 
than dichloromethane is removed so that the column may be able 
to be used again. 

The target substance collected by means of the fraction 
collector is transferred into a test tube 200, and concentrated 
and evaporated to dryness by means of a 

concentration/evaporation-to-dryness apparatus 210, and then 
dissolved in a solvent that is to replace the solvent in the 
target substance and to be used in an analytical apparatus; 
thus, the target substance is converted into an appropriate 
sample from which interfering components are eliminated so 
as to be adapted to the target to be analyzed. 
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Industrial Applicability 

The present invention, as described above, can be applied 
as a preanalysis treatment method and a preanalysis treatment 
apparatus, suitable for fractionation of nitropolycyclic 
aromatic hydrocarbons and polycyclic aromatic hydrocarbons 
other than the nitropolycyclic aromatic hydrocarbons from 
diesel particulates contained in diesel engine exhaust gas, 
and quantitatively analyzing the nitropolycyclic aromatic 
hydrocarbons and the polycyclic aromatic hydrocarbons other 
than the nitropolycyclic aromatic hydrocarbons, 
respectively. 
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